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SPECIFICATION 

HIGH TEMPERATURE SUPERCONDUCTIVE JOSEPHSON TUNNEL JUNCTION 

TECHNICAL FIELD 

The present invention relates to a high temperature superconductive 
Josephson tunnel junction. More particularly, the invention relates to a high 
temperature superconductive Josephson tunnel junction of which a plasma 
frequency varies depending on an intersecting angle. 

BACKGROUND ART 

A Josephson tunnel junction device using a superconductor (SIS-JJ device) 
is a basic superconductive device and it has been applied as a high frequency 
device, an SFQ device (a switching device utilizing flux of line of magnetic force), 
a SQUID magnetic sensor device and others. Further enhancement of performance 
is expected if the Josephson tunnel junction device can be made of a high 
temperature superconductor. 

The inventors of the present application have already proposed formation 
of a Josephson junction in or near a bond of whisker crystals by intersecting 
whisker crystals of a high temperature superconductor and by heat treatment as a 
means of solving a technical problem of easily and quickly forming a Josephson 
junction having an excellent properties without requiring any expensive fine 
processing equipment (Japanese Patent Application No. 2000-250269). This 
application has not laid open at present, but it specifically proposes that a 
Josephson junction is formed by disposing two whisker crystals of a bismuth 2212 
high temperature superconductor in a cross on an MgO substrate and putting the 
MgO substrate in a furnace for heat treatment in a baking condition of temperature- 
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of 850 **C, oxygen partial pressure of 70% and baking time of 30 minutes. 

The present invention is further advanced from the technology of the 
previous proposal and it is intended to provide a high temperature superconductive 
Josephson tunnel junction of which a plasma frequency varies depending on an 
intersecting angle, as a leading technology for creating a high temperature 
superconductive Josephson tunnel junction device capable of controlling properties. 

DISCLOSURE OF THE INVENTION 

To solve the problems aforementioned, the present invention provides a 
high temperature superconductive Josephson junction, wherein two single crystals 
of a high temperature superconductor are bonded on a substrate in a range of 
intersecting angles of 0 degree to 90 degrees, a single high temperature 
superconductive Josephson tunnel junction is formed in a bonded portion, and a 
plasma frequency of the high temperature superconductive Josephson tunnel 
junction varies depending on an intersecting angle (claim 1). 

In the invention, preferably, the two single crystals are any one of a 
whisker, a finely processed single crystal and a thin film, or a combination of two 
types of them (claim 2), and the high temperature superconductor is a bismuth 
compound and its superconductive phase is any one of 2212 phase, 2201 phase and 
2223 phase, or a combination of two or more types of them (claim 3). 

A high temperature superconductive Josephson tunnel junction of the 
invention is specifically described below with examples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing a relation of intersecting angles and plasma 
frequencies of high temperature superconductor single crystals with respect to a 
high temperature superconductive Josephson tunnel junction obtained in example 1. 
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Fig. 2 is a graph showing Shapiro steps observed by emission of a high 
frequency of 20 GHz to the high temperature superconductive Josephson tunnel 
junction obtained in example 1. 

Fig. 3 is a graph showing a Fraunhofer pattern observed by application of a 
magnetic field to the high temperature superconductive Josephson tunnel junction 
obtained in example 1 . 

Fig. 4 is a graph showing a current-voltage property of face b and face c of 
a high temperature superconductive Josephson tunnel junction obtained in example 
2. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A high temperature superconductive Josephson tunnel junction of the 
present invention is, as described above, a single high temperature superconductive 
Josephson tunnel junction formed in a bonded portion where two single crystals of 
a high temperature superconductor is bonded on a substrate in a range of 
intersecting angles of 0 degree to 90 degrees. 

In a Josephson tunnel junction, a thin insulator layer is sandwiched 
between superconductors and the insulator layer is formed at an interface of two 
crystals. Therefore, in the high temperature superconductive Josephson tunnel 
junction of the invention, use of two single crystals, in one aspect, is for formation 
of an appropriate insulator layer at an interface. That is, a single Josephson tunnel 
junction is formed because the insulator layer formed at the interface of two single 
crystals is used. Unlike a polycrystal, a single crystal is uniform in an azimuth of 
a crystal. Therefore, as described below, in other aspect, the use of two single 
crystals is for controlling a plasma frequency fp of a high temperature Josephson 
tunnel junction by varying a critical electric current density based on an 
intersecting angle of the two single crystals. 
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In the high temperature superconductive Josephson tunnel junction of the 
invention, as described above, an intersecting angle of two high temperature 
superconductor single crystals bonded on the substrate, that is, an angle not larger 
of two angles formed by two intersecting bismuth high temperature superconductor 
single crystals, is in a range of 0 degree to 90 degrees. A plasma frequency fp of 
the high temperature superconductive Josephson tunnel junction which intersects 
and is bonded in the range varies because a critical current density Jc changes 
depending on an intersecting angle. In other words, in the high temperature 
superconductive Josephson tunnel junction of the invention, a plasma frequency fp 
varies depending on an intersecting angle and therefore the plasma frequency fp can 
be controlled by varying an intersecting angle of two high temperature 
superconductor single crystals to be bonded on the substrate. 

The plasma frequency peculiar to a high temperature superconductor 
generally ranges from hundreds of GHz to several THz and hence a high 
temperature superconductive Josephson tunnel device using a high temperature 
superconductor can respond to higher frequencies, but could not respond to lower 
frequencies. However, by the high temperature superconductive Josephson tunnel 
junction of the invention, a plasma frequency fp can be changed in a range of two 
or three digits or more from a general plasma frequency peculiar to a high 
temperature superconductor to several GHz. As shown in examples, high 
frequency response (Shapiro steps) is observed, for example, at 20 GHz, which has 
been impossible to respond to. Theoretically, it is expected to respond to lower 
frequencies. 

Generally, in a high temperature superconductive Josephson tunnel junction, 
as compared with a high temperature superconduction proximity effect device, IcRn 
(a product of a critical current density and a shunt resistance, a value representing a 
signal processing capacity of a Josephson junction) is large. When a high 
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temperature superconductive Josephson tunnel junction device utilizing the high 
temperature superconductive Josephson tunnel junction of the invention is applied, 
for example, to a magnetic sensor, since a SQUID output is in proportion to the 
IcRn, the SQUID output increases, it is considered that the output/input ratio, that 
is, sensitivity is enhanced. Moreover, in a high temperature superconductive 
Josephson tunnel junction device, since a respondable maximum operating 
frequency fmax is also in proportion to the IcRn, as the IcRn increases, the fmax is 
considered to be higher. When a high temperature superconductive Josephson 
tunnel junction device utilizing the high temperature superconductive Josephson 
tunnel junction of the invention is applied, for example, to a high frequency 
receiver, a receiver enhanced in a frequency property from fp to fmax will be 
possible. When applied to an SFQ device, a fast device operating at switching 
time r = 1/fmax is obtained and it is expected that a quantum computer using a SIS 
(superconductor/ insulator/ superconductor) junction may be produced. 

When forming the high temperature superconductive Josephson tunnel 
junction of the invention, two single crystals of a high temperature superconductor 
are disposed on a substrate at an intersecting angle in a range of 0 degree to 90 
degrees and the two single crystals are bonded by heat treatment as is similar to the 
previous proposal. A condition of heat treatment is temperature ranging from 0 
degree to a melting point of a high temperature superconductor and an oxygen 
partial pressure ranging from 0 to 100%. Bonding faces of the two high 
temperature superconductor single crystals are any one of face a, face b and face c, 
or a combination of two faces of them. The two thin high temperature 
superconductor single crystals are any one of a whisker, a finely processed single 
crystal and a thin film, or a combination of two types of them. 

A high temperature superconductor used in the high temperature 
superconductive Josephson tunnel junction of the invention is not particularly 
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specified in a material classification and may be properly selected from various 
materials generally regarded as a high temperature superconductor. In the 
examples, described below, a bismuth high temperature superconductor is selected 
and a superconductive phase in this case is any one of 2212 phase, 2201 phase and 
2223 phase, or a combination of two or more types of them. A high temperature 
superconductor may be properly adjusted in composition, by adding elements or 
replacing elements, as far as a superconductive property may not be spoiled. 

EXAMPLES 
(Example 1) 

Two whisker single crystals of 2212 phase of bismuth high temperature 
superconductor were disposed on an MgO substrate by intersecting in a range of 0 
degree to 90 degrees, were put in an electric furnace to heat in a condition of 
temperature of 850 degrees and oxygen partial pressure of 70%, and were bonded 
together mutually on face c. 

With respect to a high temperature superconductive Josephson tunnel 
junction thus obtained, critical current densities Jc were measured and from a 
change of the measured Jc, a change of plasma frequency fp of the high temperature 
superconductive Josephson tunnel junction depending on intersecting angles a was 
estimated. The result is shown in a graph in Fig. 1. 

As understood from a graph in Fig. 1, the plasma frequency fp of the high 
temperature superconductive Josephson tunnel junction varied depending on change 
of an intersecting angle of two whisker single crystals. The plasma frequency fp 
of the high temperature superconductive Josephson tunnel junction showed high 
values peculiar to a high temperature superconductor at 0 degree and 90 degrees, 
but dropped to a bottom of about 20 GHz around 45 degrees. Depending on a heat 
treatment condition, a greater change of plasma frequency fp than that in the graph 
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in Fig. 1 may be expected. 

On the basis of these findings, a high frequency of 20 GHz was emitted to 
the high temperature superconductive Josephson tunnel junction obtained. As a 
result, as shown in Fig. 2, specific stair steps peculiar to high frequency response, 
that is, so-called Shapiro steps, were observed in a current-voltage property. It is 
confirmed that the high temperature superconductive Josephson tunnel junction 
responded to a high frequency and a function as high frequency receiving device is 
recognized. Steps appeared at intervals of about 40 |xV and this fact tells that only 
one Josephson tunnel junction acted, in other words, it proves that a single 
Josephson tunnel junction was formed. 

Further, with respect to the high temperature superconductive Josephson 
tunnel junction, changes of a critical current Ic were investigated by applying a 
magnetic field. The result is shown in a graph in Fig. 3. The magnetic field was 
applied in an in-plane direction of a sample. In the graph of Fig. 3, both axis of 
abscissas and axis of ordinates are standardized. For example, the axis of 
ordinates is standardized supposing that a critical current is 1 when a magnetic field 
is zero. In Fig. 3, L shows a width of a sample in a vertical direction to a 
magnetic field, Ic is a critical current, Oo is a magnetic field when one magnetic 
flux is inserted to length L. 

A critical current density is determined by dividing a current value before 
standardization by area and it is a value proportional to the axis of ordinates in the 
graph in Fig. 3. It is hence known from the graph in Fig. 3 that critical current 
densities change periodically by application of a magnetic field. This 
phenomenon is known as a Fraunhofer pattern and it shows that the high 
temperature superconductive Josephson tunnel junction responds to a magnetic field. 
This Fraunhofer pattern is a basic property of a SQUID magnetic sensor. 
(Example 2) 
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Two whisker single crystals of 2212 phase of bismuth high temperature 
superconductor were disposed on an MgO substrate by intersecting at an 
intersecting angle of 90 degrees and put in an electric furnace to heat in a condition 
of temperature of 850 degrees and oxygen partial pressure of 70%. Face b and 
face c were bonded. 

Fig. 4 is a graph showing a current-voltage property of a high temperature 
superconductive Josephson tunnel junction bonded between face b and face c. As 
recognized from the graph in Fig. 4, a single high temperature superconductive 
Josephson tunnel junction was obtained. That is, there is a region where no 
voltage generates at low currents and it means that a superconductive current is 
flowing in the junction. When a current flows over a critical current value, a 
voltage is generated suddenly. This voltage generation corresponds to a jump 
appearing in the graph in Fig. 4. Since only one jump is recorded, it is confirmed 
that a single high temperature superconductive Josephson tunnel junction is 
obtained. Hence, it is rationally considered that every phenomenon that is 
confirmed in example 1 similarly occurs in the high temperature superconductive 
Josephson tunnel junction bonded between face b and face c. 

The present invention is not limited to the examples alone, but may be 
variously modified in a type of a high temperature superconductor, a shape of a 
single crystal, a condition of heat treatment and other details. 

INDUSTRIAL APPLICABILITY 

As described specifically above, according to the invention, a high 
temperature superconductive Josephson tunnel junction of which plasma frequency 
varies depending on the intersecting angle is realized. 
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